Two dimensional simulations of collisionless magnetic reconnection produce strong gradients in the current and plasma profiles near the magnetic X-line and along the separatrix during the nonlinear phase. Here we present 
Introduction
Recent studies (see, eg, [Birn, et at., 2000] ) have led to a new understanding of collisionless magnetic reconnection in which the Hall term (oc J x B) in the generalized Ohm's law plays a fundamental role. The bulk of this work, however, has been carried out in the context of 2D models, which do not describe instabilities that propagate transverse to the plane of reconnection, e.g. those that propagate along the equilibrium cm'rent. Two examples of such modes thought to be important in real 3D reconnecting systems are the lower-hybrid drift instability and the electron shear flow instability [Drake, et at., 1994 [Drake, et at., , 1997 .
These instabilities are expected to arise naturally from the steep gradients that develop during the nonlinear reconnection process -density or pressure gradients on the di • c/wpi scale in the case of the lower-hybrid drift instability and current gradients on the de --c/cope scale for the electron shear flow mode. Both modes require electron inertia to be unstable, exhibit typical wavelengths comparable to the electron skin depth de (for/3 • 1), and grow on time scales short compared to 1/wci. We explore here the impact of these small scale instabilities on the collisionless reconnection process with high resolution (mi/me -277) three dimensional simulations of simplest model containing the Hall physics essential to fast reconnection: two-fluid MHD. We find these modes are indeed strongly driven by the profile gradients that are self-consistently generated during reconnection, and rapidly lead to a turbulent outflow region that greatly contrasts the stable, laminar configurations typical of 2D simulations.
The prediction of such turbulent flows is consistent with the substantial body of observational evidence of broadband electric and magnetic fluctuations at the magnetopause and magnetotail (see, e.g. [Gurnett, et at In the case of the lower-hybrid drift (LHD) instability, the good separation of scales achieved in the 3D simulations described here allow us to go beyond previous work and study the spontaneous onset of the LHD instability during the deep nonlinear phase of reconnection, in which the configuration of the system is no longer dominated by the initial conditions and is no longer well approximated by a simple 1D current layer. In the case of the electron shear flow (ESF) mode, the present study extends past work to address systems with macroscopic scales exceeding c/wpi in which the ion motion plays an important role in the reconnection process, and addresses the scaling behavior of the turbulent current layer width in the presence of the ion dynamics.
This work breaks new ground on the anomalous transport generated by the ESF and LHD modes. First, we find the breakdown of the frozen-in condition near the X-line is caused predominantly by an effective anomalous viscosity arising from the ESF fluctuations in the reconnection region. Second, we find the LHD fluctuations cause a substantial relaxation of the gradients near the separatrix through a new mechanism, which is based not on direct particle transport (which is observed to be negligible) but rather on the turbulent diffusion of the strong electron flows near the separatrix. Neither mode is found to produce significant anomalous resistivity or increase the rate of reconnection (rather, a slight slow-down is observed). [Lee, 1982] . In the LHD mode case, we attempt to assess the accuracy of the fluid description by comparing the two-fluid results in the 2D limit to full particle simulations. Comparing the current profile data shown in Figs. (la,b) , one finds the current layers along the separatrix in the 3D case (Fig. (lb) Because any contribution originating from the convective derivative necessarily conserves the total electron momentum, this effect represents an anomalous viscosity and not an anomalous resistivity. Consistent with this interpretation, the integral of the dashed curve in Fig. (4) is nearly zero.
Simulations
Shortly after the onset of the ESF mode in the simulation of Fig. (lb) , the lower-hybrid drift (LHD) instability turns on (at about t • 6.5). In contrast to the ESF mode, which arises mainly near the X-line where the current gradient is largest, the LHD mode is driven by the density/pressure gradients along the separatrix within the magnetic island like those seen in Fig. (3a) . It quickly leads to density fluctuations along the separatrix like those shown in Fig. (3b) . These perturbations propagate predominantly across the magnetic field with short wavelengths (kd• • 1.2 initially), and are seen to penetrate roughly half an ion skin- Finally, we comment on the reproducibility of our LHD results in the context of particle simulations. To study this, we carried out 2D-full particle simulations of a Harris sheet configuration with the same mass ratio used above, mi/me -277. Consistent with the fluid simulation of Fig. (3) at early times, the case w0 -I is found to be only very weakly unstable, and the LHD mode has only a slight effect on the initial profile. For w0 -0.5, however, a strong instability is observed, similar to that in the fluid case, with 
Conclusion
The two-fluid simulations presented here indicate the sharp gradients that form near the X-line and along the separatrix during collisionless reconnection break up due to the onset of secondary instabilities, leading to a strongly turbulent configuration in the full 3D system. The electron shear flow instability, driven by gradients in the out-of-plane current, leads to a turbulent broadening of the current profile out to scales comparable to a few electron skin depths. This turbulence leads to an anomalous viscosity that balances the reconnection electric field very close to the magnetic X-line. The lower-hybrid drift instability, driven by cross-field gradients in the pressure/density, generates fluctuations in the plasma profiles mainly near the separatrix, and prevents the steepening of the plasma profile scale lengths below about psi -½s/COci for the parameters studied here. It also moderately reduces the time-averaged rate of reconnection.
